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till!*  class  of  work  wis  first  unilertaken. 

I  have  the  honour  to  he.  Sir, 
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Ottawa,  Xoveml)er  5,  1918. 


.•)787.")    -U 


■».i'»«-'S 


•  j^t' .'>!^  W -«:  :rf#«^,v.ii 


fONTKNTS. 

\a  Mir  nf  ti.iii-iiiiu  il 

IritrixliHioM 

I'liil-  ii..,|  i',,r  III.   i,,.,|, 

Wf  •  rrlilr:,!    Vlhrrtii.  :>lh|  ||„    I  ,|,„.,„l,„i  ,li,l,„  t 

Mnilllllrlll  1    I'll;, I  .•,(•,.■, 
(  'jl'-l'.'nll'  fllril  ;irt'!» 

Mlii.iiiiiir.-rniiik  ii.il-liilil, 
l.i-ililitpcli:i'  iiiul  ,ir,.;,    . 

•r;,li|.    I 

l.]-l  Ml   mil-    III, I  iiiiriKiiMh  !-i,u  lri;il- 
Hi-uli-  of  iii.iU 

IiIiIp  II 

'I'll-  fiiiii  |iriii,i|i:,|  r.-iilt~  1,1  ilir  I.  -I-  |-,,r  ,.;ii||  fi„.| 

HmHii  HmIi  I    .VUllliI:,!.-!!    to  furl    fllr.l 

lli-lnliiiiiiiii  111'  Ileal  lus.s,., 

I..."  ,|i|r   ti,  liiith   tnillMTllllllv  .if  .■VM|,iMU  Mm-  k:,-i- 

\  Mrialiiiii  III  ,\,fH   air 

llailmtimi,  imunui,,.,,  ,|  f,„.  1.,,.,  .„.|  ,|,,,  ,|,„.  ,„  „Ml,uri,i  «.,»..- 

l-.tliTi  III  rai,.  (,i  ■.iciiiiiini!  Ill,  illiiinifv 

I  )iaf I  

■•^iiiiiPiiaiN  aii,|  niiHial  rniiMiki 
Tal.lr  III 

■|'Ml.ul:ilr,l   l,.,,„,|,,f.  tl    Unil,.,    !,,aK,  ,,f    |.|f,|,.l,    

Talilr  l\ 

/>./-!//.,/  I;,  i„„l~  „f  Tnnii 

'4'mmI   \..     :,n  ,„,  ,.,ial  fiiiMi  .(:i>|,.T  I'.irk  Ciijliiu,.,,  |j,| 
"."i  "  ••  ., 

"•'  "  MmirilaiM  I'.irk  dial  Cu 

IM7 

Ids 

"  'j*'  "  '^' ll"»l"""l  I'.iss  Coal  .V:  CokiC,  ,  1,1,1 

71  " 

•''•''  "  I'ririlnria  Coal  Cu  ,  I.til. 

■j-  "  <'iir.lltTCollii,rii.M.  1,1,1, 

"  •['■'  "  ''"«'"  <'ii.v  Colli  Co  ,  l.t.l. 

•'"'  "  DniiMlicllii  Coal  Co,  l.til 

"ti  ••  .,  ,. 

'■''  "  \>Hc.a>tl..  C,,,-,|  Co.  I,,, I 

'"  "  Miillariil  Colli,.|ir.s  l.til 

KCi 

lOJ 

]'  '"''  "  •*'«-'i.il''C<Kil.V:  Clay  IVoiliiri-Cii 

III,*  ,"  <'■'"''•"•■  Uy.  l),.pt.  of  .Vaiiiral  l{,.-i„„v 

nil 

I  'J*  "  '""'Ui'lowii  CollliTic.-i,  1,1,1. 

7"  "  "  It 

4 


,s 
!t 

III 
II 
II 
IL* 
IJ 
I.-. 
In 
l<) 


■2\  M 


mirj'-w 


h^l^' 


n 


I  ll.ll   Nn     l.'l  .,11   ,  ,..,1   I, ,,1,1    .\|.  (  .ill.v  I  ,;■    ll.  •  k   <  'imI  a    (    ,.k.    (    ,,       1,1,1 

llillir.-i  (•.illi.ii..,  1.1,1, 


IIJ 
III.-, 
nil, 

•  i7 

so 

lis 

s| 

711 

T'l 
inn 
ini 

71  ,.ii  |i.  Ml  ri,,ii,  \i 


W,  -I  •■,ii,,.|i,,n  Cilli,,,,-,  1. 1, 1  ,    11,  II       ., 

•  ,..,mI,iI| 
I    .ifh  ■,  ( '  it,:,,ii  ,11  <  ■.,|Im  n,  -,  l.',| 

<'|,,i ;,  (■ .,    I  1,1. 

ll,  I),  |..iiiin,  i,f  i,|  Miiiiw 


s| 


I  n,|:,l  |i  lll;irk- 


:!s 


III.     I 


0. 

in. 


II 


II  I  rsTRATrONS. 

/;/■,!. /.-„/,-, 

Cli.irl   .|i..«iiiK  rli,'  ivImIi.,ii  I„.|«,..  m  ih,.  ,.-,  .i|M,i-Mti,,ii  ..|m,I  ,;il,,nii,.  vilii, 

IK"-    |„MIII>I    ,,|     I'lllj.    Mil, I    th.-    IIhIIII;,!    ,  IIi,.1,II,.\     ,  .1     ttl.'    h,,|l,  1      .l„l    ll,,. 

liriit,. 

Cliuit  "li'wiMit  llii-  ,|i>lril.ii(hiii  .,r  til,.  h,.,ii  !,,->,.,  ..,-  ;,  In, 1 1,, 11  ,,f  i)i  ■  I,,.,- 

il"|.        ir  -ti.,iiii-r:iHiMK 
HiMltriii  wii.u  III,.  r.-hili,>n  lH.t«-..,.|i  ih,.  |,,.-  ,|,i,.  i,,  ili,  |iii;||  i,  tii|H.r:thii,. 

ill  I  ..fiiiHiiu  till,.  u;is  :iii,|  ill,,  all-  -il|i|ilv  r.iliii 

Dijuniii,    .hiwjii^;  ilir  rrbtjiiii  hriwcMi  till,  .ivrniiti-  ,.|ir  r;iliii>  |,,r  ih,    in  lU 

ami  llir  uviiiiKi-  r.irlMiM  ,ljo\i,li'  imiiiI,iiI»  i.r  tlii'  fliii'  it:is 
Cliiirt   >li<iwiii({  lliiii   Willi   111,.  ,.vT|.lii,M  111-   line.,  fii,.N,    il„.  nm,,  ,,f    ,,, 

Ml|l|lll,.,|  f,i|.  ,.,,|lll.llv||,,|,   I,,  111,.,!    i,^,.,|  „,,..  !,.,„  „||,.„    ,,   |.|„.|  „,,,  |„|,.,„,,| 

cm  M  ur.tU-  «itli  j"  air  .sp.ir,. 
"'•'«''•"»  '^liiiwi'm  tl tr.Mi  of  a  ,li;,,,y,   ,1,  i|„.  ,,,,,.  „f  M,.:iii,iiiu:  in  ih,. 

|.S,',.s«  jii|.  Mipply  . 

Diaicraiii  sli.miiiK  ili,.  r..lali,,n  Imih..,  ii  ih,.  h,..,)  |,„.  ,|i|,.  ,,,  iinI.iiiih  .,,||,| 
lii.'l  pi-r  |i<iiiii,t  ,if  fiii'l  tircl.  ami  ih,.  .iriKinal  a<li  cmt.iii  ,,f  id,   tii,.| 

l)ii(KniiM»liiiwjiiKtli,.n'lali,.ii  «|,i,.|i  lli,. -iiin  ,,r  ili,.  pii niaur  iiiiarn.iinl,.,! 

liir  liissc^,  ami  111, !»,■, Ill,,  til  railial  11,11  aii,|  iiiihunil  tr,.|~i.<  lH..|r  i,,  t|,,. 
air  nil  ill 

DiaKi-ain  slmwinK  lli,.  I»>ii,.|.  ||i,i.  hit  -  ai  ii,,iiii..,|  i-vipiirat  i,iii  lal,..  on  •, 
nasi'  r,,pii's,.|iliiii£  th,.  air  rati,, 

Di.Hjraiii  sliowiiiK  'li..  ,|,.,i.,.|im.  n,  tli,.riii;,l  .tliiirmv  lia^,,!  on  a.ti  in,! 
moisiiir,.  friM.  fn..l  ,.onsiiiniil  am!  ih,-  iniTcasc  in  thf  lo«>  ilii,.  i,i  tl,,. 
tiiKli   l.in|MTaliirr  of  thf  tin.-  na«.   with  an   incrca.s,-  m   tlir   lalr  ,if 

rolnlili,«tioi| 

DiaKiaiii  >lio«inn  lli,.  rclatiop  IhIwitii  I  lir  ilitr.T.iii  ,■  of  ilr.ifi  in  tlir  fiirii  ur 
ami  (111,,  ami  the  niuM.s  flow  of  id,,  (jasfs 


in 

111 
U 

I.; 


17 

l.S 
19 


I 


Chiirl,  \().     1 


,s, 

•', 
10, 

II. 

1-', 
i:). 
M, 

!•"., 

III. 
1", 

IS, 
!!), 
20, 

-I, 
2'J 
2i, 

•J4, 

2.'5, 
26, 
^7, 
28, 
29, 
:{0, 
in, 
:{2, 
U3, 
34, 
35, 
30, 
37, 
38, 
39, 
40, 
41, 


0 

Churls. 

'Prill!  N'o.    .J9— c'oul   from  Mictlo  iiiino,  Albort.i 43 

'"^  44 

"•^—  "  Moimtaiii  r.irk  iniiip.  Alberta   . .  4,5 

"        107-  "  "  ..  ■  4,, 

;:   'o«-  :'  "        •'     47 

^>*^  "  '*  ^  cllowhoad  I'tuss  mine.  Alborta. 48 

':  49 

.la —  "  I'cinbiiia  iiiitic.  Alberta 50 

"  .")2 —  "  Cardiff  eollierv,         "      jj 

''3—  "  Twill  City  mine,       "      50 

"  .W-  -  "  Dnimlieller      "         "  53 

:'    '«- ' ''''."..  54 

til   -  "  N'ew<'astle         "  "       55 

111    -  "  Mi.llaii.l  "  "  5^ 

;:   "« -  "       •'      "    •'  ''..:::.  5- 

"       I"-'- "      58 

•'51—  "  Hoseilale  "         "  59 

114 — •  "  Haiikhcad        "         "  an 

"   >09-  "        ••      ••    •■     ::::::::::::  oi 

:;  "o-  ::     ,  •'     -  •■ 02 

.^■4 —  "  ( leorKclowii     "         "  (53 

' ' "  " .  .  M 

♦)0~  "  Carbonclale      "         "  gr, 

"       •^-  "  "  "      '•    '.'.'.'.'..'-  m 

112—  "  Ilillerest  "         "  ,-,7 

"        1"^" '       ::    .  68 

;;    10c-  "  •'         ••     "   gj, 

07 —  "  Ilellevuo  "  "  70 

"    ^-  "       ' .:.:::::.::  71 

68—  "  ( Irei'tiliill  "         "  72 

^1  ~  "  "  "         "      73 

70-  "  Frank  "        "  74 

;;    ■»- '  70 

100-  "  Cliinook  "         "       .  .  7,; 

101— 

^  II 

71— peat  fuel  from  Alfred,  Ontario.  .    .  7s 

"    '^-  "      "      "   :::::  79 

"    73- ,H„ 

"         •*«-  '•  "  •• SI 

8-t-  "  "  "  j;.) 

^■"^  83 


REPORT  ON  BOILER  TRIALS  CONDUCTED  AT  THE 
FUEL  TESTING  STATION  AT  OTTAWA. 

INTRODUCTORY. 


Since  the  publication  of  Report  No.  331'  on  a  series  of  ijoiier  trials  to 
ascertain  the  value  of  five  fuels  from  Alberta  for  steam  generation,  and 
Bulletin  No.  17'' — which  records  a  similar  investigation  for  peat  fuel, 
other  boiler  trials  have  been  conducted  at  the  Fuel  Testing  Staticm  at 
Ottawa;  the  results  of  which,  comi)iiied  with  the  results  of  the  trials 
already  published,  are  embodied  in  the  present  report. 

4  Inasmuch  as  the  precise  object  of  the  boiler  trials,  and  the  met  hod  of 
conducting  them,  have  already  been  described  in  Report  No.  331,  this 
information  is  not  included  in  the  present  report.  It  may  be  well  to  i)oint 
out,  however,  that  the  results  of  thc-^e  trials  should  only  be  useil  com- 
paratively, one  with  another,  or  with  tho.«e  obtained  under  similar  con- 
ditions with  other  fuels. 
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All  the  coals  in  the  trials  were  obtained  through  the  office  of  Mr.  John 
Stirling,  Chief  Inspector  of  Mines  for  the  Province  of  Alberta.  His  co- 
operation greatly  facilitated  the  work  of  this  investigation. 

The  chemical  division,  under  the  direction  of  Mr.  Edgar  Stansfield, 
analysed  and  determined  the  calorific  value  of  the  fuels  >ised,  and  analysed 
the  flue  gases  produced  during  the  trials. 

Mr.  A.  W.  Mantle,  Mechanical  Superintendent  of  the  Fuel  Testing 
Station,  maintained  the  boiler  in  proper  working  condition,  and  assisted 
in  carrying  out  the  trials. 

Fuels  used  for  the  Tests. 

Of  the  19  samples  in  all,  18  came  from  the  Province  of  Alberta.  These 
coal  samples  were  received  from  the  following  mine  operators: — 

West  Central  .ilberta,  and  the  Edinoiit«n  District:— 

1.  Jasper  Park  Collieries,  Ltd.. 

Miettc  Mine,  Pocahontas. 

2.  Mountain  Park  Coal  Co.,  Ltd., 

Mountain  Park  Mine,  Mountain  Park. 

3.  Yellowhead  Pa.s8  C?oal  (Jo.,  Ltd.. 

Vellowhead  Pasa^Mine,  CoaUpur. 

4.  Pembina  Coal  Operators,  Ltd., 

Pembina  Mine,  KvansburKli. 

5.  Cardiff  Collieries,  Ltd., 

Cardiff  Mine,  Cardiff. 

6.  Twin  City  Coal  Co.,  Ltd., 

Twin  City  Mine,  Kdmonton  South. 

'  Resuttd  of  the   Invflotigation  of  six  lignite  namplen  obtained  from  the  Province  of  AllH'ria,  hv  li,  1'    Uiianel, 
B.Sc..  utl  John  Bliurd.  B.Sc. 

'  The  Value  of  Peal  Kuei  for  the  Generation  of  Steam,  by  John  Hluard,  H.-'m:. 
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DrumhHIer  Coal  Area:— 

".  Till'  DniiMliclliT  Lund  Cd,,  Ltd.. 

DrumhcUor  Mino,  Drumhcllor. 
8.  Xpwfastlo  Coal  Co.,  Lul., 

Ni'wrustlo  Mine,  Druii:liiII<T. 
y.  Midland  rollicrics  Ltd., 

.Mi<lland  .Mine.  DruniliilliT. 
10.   iiusodalu  Coal  and  Clay  I'rodufis  (  o..  Lid., 
Ro.-iedalc  Mine,  Uo.-.i.dalo. 
<'a.s<'ade  Coal  Area:— 

U.  Canadian  Pacific  Hailway  Co..  Dcpt.  of  Nmi.ii:, I  l{,.-„iir-.s 

liankhcad  .Mine,  Ilanklnad. 
12.  Tho  Gpiirirrtown  Collieries.  Ltd., 
Oeornptown  Mine.  Canniore. 
RUIrmore-Frank  toal  Fields:— 

l:i.  .McGillivray  Creek  Coal  and  Coke  ( ■„,,  L,,|.. 

Carljondale  Mino,  Coleman. 
H.  Hillerest  Collierii-s,  Ltd  , 

Hillere.st  Mine,  Hillerest. 
15.  West  Canadian  Collieries,  Ltd., 

Bellevuc  Mine,  Ikllevue. 
10.  West  Canadian  Collierii^s,  Ltd., 
(jreenliill  Mine,  Hlairiuore. 
17.  I'raneo-Canadian  Collieries,  Ltd., 
l-nink  .Mine,  I'rank. 
Lethbridce  Coal  Area:— 

IS.  Chinook  Coal  Co.,  Ltd., 

Chinook  Mine,  (.'omiiierec. 

undlrf-^"  in.rp„se  of  simple  identification,  the.se  san.j.Ies  are  nametl  a- 


T.VULl-:  I. 
List  of  Coals  and  correspondinfi  trials. 


•  Results  of  trials  31,  .K,  53,  54,  and  55.  h: 


All  the  trials  muntioiicd  in  Tulilc  1,  wore  coiniuctcd  in  a  Halx'oi'k  ivnd 
Wilcox  water  tube  holier',  having  (177  s(iiiart'  t'cct  of  heat  inn  surl'acc.  Tlio 
trials  ri'l'orri'd  to  in  colniini  A.  were  <'ondu('tcd  at  a  nurmal  rate  of  steaininK 


on  u  urate  area  of  23  s(iuare  feet,  with  an  air  spac 


between  the  bars; 


the  trials  in  eoluinn  B  at  a  normal  rate  of  steaming  on  a  grate  jirea  of  21 
stiuare  feet,  with  an  air  space  of  \"  between  the  bars;  the  trials  in  cohiiim 
(',  were  conducted  using  the  same  grate  as  for  H,  but  at  a  higher  rate  of 
steaming. 

'I'lie  reniiiining  sampli\  namely.  No.  lit,  came  from  the  government 
peat  bog  at  Alfred,  IJnt.  Six  complete  trials  ;ind  one  short  supplementary 
trial  have  been  conducted  with  this  sample:  four  trials  on  the  wiiter  tube 
boiler,  and  three  on  a  fire  tube  boiler  of  the  locomotive  type.  Hulletin 
No,  17  contains  a  full  report  of  these  trials. 


HESri/rs  (JF   THI.U.S. 

A  full  rejjort  of  each  boiler  trial  appears  at  the  end  of  this  bulletin; 
but  since  the  residts  of  each  trial  are,  principally,  of  comparative  value,  it 
it!  necessary,  in  addition,  to  show  them  in  the  form  of  tables  and  diagrams. 

Table  II  compares: — 

(a)  The  quantity  of  fuel  burned  to  generate  a  detinite  (piantity  of 
ciiergy,  namely,  1,00(1  lbs.  of  steam  from  and  at  212°  F. 

(b)  The  amount  of  ash.  clinker,  and  refuse  removed  while  gener;iting 
the  same  detinite  ([uantity  of  steam. 

(c)  The  fraction  of  the  total  solid  refuse  which  was  withdrawn  by 
cleaning  and  slicing  from  above  the  gr.ate  bars. 

(d)  The  difference  in  draft  pressure  below  the  bars,  and  in  the  flue 
leaving  the  boiler. 

The  cost  of  generating  steam  by  the  combustion  of  an\-  one  of  these 
fuels  will  be  proportional  to  the  values  assigned  to  each  of  the  items  in 
Table  II,  multiplied  by  some  factor  dependent  upon  the  costs  of  the  fuel 
per  ton,  labour,  installation,  and  repairs  to  grates  and  settings,  the  pro- 
duction of  draft,  etc.;  all  of  which  vary  with  the  site  of  the  boiler  room. 
.Vn  investigation  of  the  magnitude  of  these  factors  is  outside  the  s(<i])e  of 
this  re])ort. 
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TABLE  II. 
Four  Principal  Results  of  the  Tests  for  each  Fuel 

.-^f.  between  boiierexu  :.'*Jri?4l't':  i;T„e'he:ri?'«;tr  ""'"^'^"'•■ 


='  ^,,^»^^'i'l  an.l  Kenoral  remark; 
Jasper  Park 


lOvaporaiiiin  rate 
Orntearea:  s((.  ft., 
Air  .spaces  in  fire  bars, 


'Mountain  Part      i*..„    e      ■  ■ — 

i  "'"'aric,    Uun-<)f-mine    coal,    inosflv    v    i 

I  "'thnmrh.lu.t   coa     ak.H     i-    ""'?" 

small  pieces        ' '"a""''™. 'linker  in 


3    iVellowlipiid, 


overbur.s.  <^  ""Kw  spread 


Kun-ot-mine  coal,  about  r  ...  i-i ' 

no  small  stulT      (  linkl  :f       ^.'"fPs. 
rasily  removed.  """*"  P'*"^^*" 


Kun-of-mine  coal,  4'  and  'i'  l,,,^^;  T  — 
yery  small  stuff  Ilanl  cllJ  ""?"'  t°l  '■ 
in  fairlv  large  DieV.s  ,1  '''"''"•,  f«"i'»|  '- 
the  bafs  "^     "^^  •  ''"'■"  ""t  '"ihere  tol   r 

'   d 


large  lun.ps    sticks  tlkhJk    T'  '"^^^j  '' 

spread  over  bars!      *'*''">'  ''"*-'-  not  c 

spread  over  the  ba™"^     ""'""■^'    ""'^  '' 

I  r 


on  bars,  stickl  a  liule  "■'  ""''"^■'''   * 

i    c 
d 


184 
14  4 
0-83 
Ofl7 


BOILER 
AND  CRATE  EFFY 


EVAPORATION 

FR0M*MBAT2l2*r 

nR  L»  FUEL  AS  FlNCO 


PEMBIN/> 
MIDLAND 
VCLUOWHrAO 


GEORGETOWN  6?4 

CARDirp    COLLY 
NEWCAST.e 

•ANKHEAO 

JAJ«H  PARK 

MteiLLIVRAV 
GReCNHIUU 

cose dale 
drumhcller 

CHINOOK 


BELLEVUE 

FRANCO 
PEAT 


I-I.J. 


•■OWI"  CALORIFIC  VALUE 
■Ta.U.ASFKicoPCRLI 


lt,4IO   HILLCREST 
11,540  MOUNTAIN  MRK 


11.870  BANKHKAO 
11.730  FRANCO 
l.-iii  MM"-'-'VRAy 
■  1.600  BElLEVUE 


n.ZOO  JASPER  PARK 


10.480  YELLOWHEAO 


».7I0        I  NOOK 


JejolRotCDALE 
•.OBO  NEWCASTLE 


WSO  TWIN  CJTY 
••^0  PCMBINA 


StK  £A*'"''P  COLLV 
7.B80  DRUMHELLKR 


7.4B0  PEAtj 


ThEftMAL  crriciencr  pc/t  cent 
»o   as     eo     75       70        es  eo  ss  so 


^  MOUNTAIN    PA»M 

3  yCLLOIVHt^O 

4  PCMBINA 

5  CAHniFf 

C  Twin    CITY 

7  OHUMHtlLE.R 

a  NC*/CASTLe. 

9  MIDLAND 

10  noseoALC 

11  BANKHEAD 

13  aEORGCTOlVN 
13  MfGILLIVRAY 
I*    HILLCRES"^ 
IS  aCLLEI/UE 
le   GREENHILL 
n    FRANK 
le    CHINOOK 
10    fCAT 


a  I         0  2        0  3        0-4       OS        0-e        0-7       OB       0-9        10 
RATIO  MEAT  LOST  TO  HEAT  TftANSFCRRCO  TO  WATER 


cL 


s^ 


HEAT  LOSS  DUE    TO  TOTAL  HEAT  OF  FLUE  CAS 

RADIATION  ANO  UNACCOUNTED  FOR  LOSS 
UNBURN!-  CARBON  UONOXIOt 
< .  UNBURNT  SOLID  MATTER 


,i:S75 


KiG.  2, — Chart  showing  the  distribution  of  the  heat  losses  as  a  fraction  of  the  heat 
used  for  steam-raising. 
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No. 
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l.\  :i|H'r!iiiiiii  nil-'. 
( irnu*  urt'rt    -ii.  /!., 


Ntiiiir  of  fuel  an*t  utMicta)  r<'iiiuik 
II      M:inklM'A<l. 


i:>    (■■ 


13     M.  tiillivriiy, 


14      Hillcrc^t, 


15      Hcllovuc. 


li)     f  Irct'iiliill, 


i:      iT.-ink. 


I'l'ii  iii-.'liriiriic  l.;iiiri'  iiirrcMif  i  .inker 
(.iim;  "ii'iiiii  liIiuMi  li.'rii'iiili  Imr-.  m 
pifvi'nt  Iho  clinkir -Iickinii. 

Utin-<tl-niinp  antliruciti^.  very  «nialli 
-liilT  with  »iiiiu-  lurni'  lurii'...     rlinkoi 

111  llliMlitllll  ^i/r«l  |iicn'-;  iliil  not  -pi.  uil. 
-lirk^  sliylitlv  to  liiir- 

Uun-ol  h.iiif.  iiiii>  li  -iiKill  -tulT, 
(  link.T  in  "iniill  pitM-**-  cii-ily  rpinovnl 
(  oiil  iiki'il,  iio"i"<iiluliiiK  (iei|iiiMit 
»li<lllK. 

Uun-of-minc,  ront:iin'<  iiiui'h  iliint  ami 
Mimll  MiulT.  (linkiT  in  "tiiiill  liunl 
piiM-i'H.     ( 'uiil  fakci- 


Kun-o(-iiiini'.   (roiii   iiuilium   to  ■•iimll 
!>izf.    loal    i'aki-:<.    I'linkcr   in   i-iiiull 

piort'S.  I 


Hun-iif-iiiini';  fairly  »iiiall  pi.  iti,  littlf! 
dust.  Ki'fuwo  from  above  the  liars 
iim.tistfil  of  .-mall,  soft  piwes,  whitli 
wert'  easily  rcmoveil. 


Run-of-iiiini'.  mostly  'lusi  ami  small. 
stiifT.  i  nal  rakos.  Iti'ftise  in  .siiiall 
boft  piecc.s,  ea.-*ily  remove*!.  1 


IS      (liinook.  I.umpi'oal.     .\  thin  elinker  spread  overj 

ilio  liars,  and  stuck  to  liars  a  little  atj 
the  high  rate  of  »teaininK.  i 


19      I'oat, 


Marhine    pi'at.     No    trouble    from 

rlinkcr. 
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Batio  Water  Evaporated  to  Fuel  Fired. 

The  figure  most  coinmonly  ii.srd  to  cxpn'.'^.-i  the  stciiniiiin  quality  of  :i 
fuel  Is  the  ratio  of  water  evaporated  to  fuel  fired;  that  is,  one  thousand, 
divided  by  item  (a),  in  Table  II, 

Fip.  1  shows  the  best  evaporation  ratio  for  each  fuel  during  the  .seriv..j 
of  trials,  and  its  relation  to  the  net  calorific  value  of  llie  fuel,  and  the  ther- 
mal efficiency  of  the  boiler. 

Distribution  of  Heat  Losses. 

In  order  to  show  the  reasons  for  the  variable  thermal  efficiencies  for 
each  fuel,  the  various  heat  lo.sses  are  shown  in  Fig.  2 — as  a  fraction  of  tht 
heat  transfern  (i  to  the  water  in  tiie  boiler.     By  referring  to  llie  diagram 


'■'"■  ■■"-""■)   .- ,  „„i„     :.<  ' ' -»■■- "... 

......l„f„.s»     „i|||,.        I      ■  '""'   !'•"■'"', ..M„,„  ,„„  ,„  ,,„, 

l">i..n-  I.,  ,l,i,    [HI.*  -  "•■■l.'T-M  ,.,,.,,„.     r.i„„.i„,„„ .„. 

I-oss  due  to  Ulah  t  '•"ii;iii„„  |,„.. 


^joJ-,;..   I L  fill       ~]'~<~'t- ■     '^ 


•t-f 


.L 


t— 


T~- 


^   '•    ^7   *a 


-ipi..„  "•"■  S^-  ana  the  air  5;„,,p|y  r,,,!,;;      "^    ''"'PtT.Uu.u 


i:t 

llir  clmrin'  ill  the  .iiiioiiiit  of  ixcfs,  iiir:  ami  Im.  A  illii,«tiat»-.  tliis  l.y  ,liiiw. 
iiiK  till'  rci«li(m  Ixtwi'in  the  ralin  of  tlif  tliir  v.n-  t'.tal  ln'at  Ills',  to  llir  linit 
ii-^ffiilly  iiiipliiyi'ij  for  <li  aiu-rai-iiiK.  ami  llir  ratn.  of  tin;  total  air  .>ii|i|)liiil 
til  till'  air  wIhij*!'  oxyui'ii  loiitnit  i»  loitiliim'il  with  the  fm-l.      liii^i  air  ratio 

i>  lali'ulatfil   from   ihi'   tliif  ua-  aiialy-if,  am!  in  niiial  to  ,,— "     .    wliirt 

.1    -0.'.  <!• 

N.. 

<  ij  ami  N-  ri'|)ri'«riit  tlii    vdluim^  of  owuiii  ami  nitionin  in  ihr  llm    ua>. 

21 
ami  _     tlir  ratio  of  oxyui  n  to  nilrouin  in  tlic  :iliiio-|i|i(ri-.       liii    i\|hi  --ion 

21    |I(HI   +    Xl.l 

|-        ■  I   rc'|iii-i  lit-   I  III     r.itio   of   air   »ii|i|ilii(l    lo   air   rri|uirrii    in 

100  I  \  (M  I.'  i 

trrinn  of  till-  rarlioii  ilioxiilc  i  ontint  of  llir  llur  na-  i  \  i  mil  tlir  fai  tor  I,, 
uliich  ilrpcml-*  upon  tlif  rhmiical  ron-titiition  of  the  coal,  ami  i-  rnual  to 

r("       s/'  ^^'"■"'  "•  '  *'  '""'  '  ■  !'''l"''-<'i''  III''  rrlalivi'  wiiulil-  of  ihr  livdro- 

Ui'ii.  <>xyt{i-ii.  ami  rarlion  contiiit-  of  i  il.      riii~  (■xpri'--ion  liojil-.  uooil 

only  tor  conipiilr  conilni-tion  of  a  fml  ulio>i'  m>1i'  loii-iitiimi-  wliiili  pa>.s 
oil  with  thr  lliif  lias     air  rarlion.  hydroui'ii,  ami  oxy(i''ii.      11  i'  iliaiiram  in 
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rii..    1.     Diiigram  showiun  ;h<  niiilum  ticLw.in  Ihf  imi-inc  ajr  raiios  mr  ihi'  irisiis  ami  iho  aver- 
aKc  carbon  dioxiil   contcnis  of  the  tlllf  gas, 
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£i:ts,'::,r£.;;!rs.,:nr: -■,  :'f„s' 

Variation  In  Escew  Air 

'•■•■I,  «."i'H.^fr::;';;l;;;;;,i:;::,";;;;;;; '  '■'■> <■■.•.'■■■■ .,, 


*m  DA  T,0  -  -^^jJ^f^jfO 

'■"■  u;s4^-:Kcs;;SiiSi^-...,* 

was  burned  on  a  grate  with^'' airjpaee       *'"'"''  **""'  '''"■"  '' 

urease  ,„  the  rate  of  rnmhfc  bn  f  rf  ''''"•'•''  '*'''  '"'Teased  witi,  :„.   "' 

-iiM.ii.iion  !ur  fdur  out  of  five  coals.  " 


(inn 


I.-I 
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While  II  rliiitiKr  friiiii  llic  k>'hIi'  »itli  Niiiall  tii  iinc  willi  lurucr  air  o|m'|i- 
i'iK>«  ri'tliiri'il  till'  i'Xi'i>»  iiir  Ii^k.  rifiriiiri'  to  I'Ik.  7  will  f>Iii)w  tlmt  tlii>  Itms 
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wATcn  Tuac   boil  en 
-Diagram  showing  the  cfleot  of  a  chunRc  in  tli.'  ratn  of  stcainitii?  upon  the  cxcpss  air 

supply. 


due  to  unburnt  solid  fuel  inoreased  for  the  trials  with  the  larger  air  >|)aees, 
and  that  this  loss  tended  to  increase  consideraljly,  with  an  increasing  ash 
content. 

Briefly  then,  burning  coal  on  a  grate  with  -J"  air  spaces,  tends  to  cause 
the  loss  due  to  solid  unburnt  carbonaceous  material  to  be  less  and  the  loss 
due  to  the  escape  of  flue  gases  to  Ix;  greater  than  when  using  a  grate  with 
J"  air  spaces. 

Radiation,  unaccounted  for  loss,  and  that  due  to  unburnt  gases. 

The  principal  reasons  for  tlu-  variatioii  in  the  rciuiutiun,  aiu!  unac- 
counted for  loss,  where  the  rate  of  steaming  remains  the  same,  are  variation 
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Fig.  7. — PiuRram  showiiiR  th<>  relation  hrtwri'ii  the  hrat  loss  due  to  iinbiirnt  solid  fuel  per  i)oiind 
of  fuel  fired,  and  the  original  ash  content  of  the  fuel. 
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Fig.  S. — Dia^am  showing  the  relation  which  tlu^  sum  of  x\\v  iHTrcntagc  unaccomitcd  for  losses, 
and  lliose  t.iiu;  in  riidiatioii  and  unimrni  gasc.^  itrur  id  lin-  an  ratio. 
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in  the  heat  tninsinittcd  from  tlic  hot  traces  and  incaiidcsnut  fuel  tlirouul 

tho  boiler  sottniK,  and  in  tlie  variation  of  tile  u!ulet<.nniiMd  .•o.iil.iKtil.l, 

content  o    the  products  of  conil.u.tion.     With  the  excption  of  triaN  111 

11-',  and  ll.-i,  no  attempt  was  made  to  detect  anv  coml.iistihl,.  .ras,.s  otliei 

thaii  carbon  monoxide.     Tlie  estimated  losses  due  to  unbiirnt   livlro-en 

and  hydro-carbons,   were  21)  iht  cent   dnrinii  trials   11 

Probably  there  were  further  losses,  however,  due  to 

Fijl.  H  shows  the  total  loi 

counted  for  loss  plotted  on  a  base  re|)reseiitmK  the  ratio  o 

to  that  used  for  combustion,  from   wliicji  it    wi>u'  ' 

tends  to  decrease  with  !iii  increased  ;iir  supply. 

An  increase  in  the  air  su[)ply  ratio,  may  Uv  exix'cted,  therefore,  to  be 
accompanied  by  a  decrease  in  the  loss  due  to  incomplete  eoml.ustion  and 
by  an  increase  m  that  due  to  the  increa.sed  mass  of  <ras  escapin<'  ;.t  -i  liiuli 
temperature;  an<l  the  efficiency  of  the  boiler  based  ,„.  the  solid  comliu-tible 
consumed,  will  show  the  net  result  of  tli<"  chanf-v.      In   Fij;    «)    the  l„,iler 


unliurnt  tar^ 


.md    li;i. 
and  soot. 


due  to  radi,it:(in.  unlairnt  •lases,  and  the  umu- 


tlie  air 
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-Diagram  showing  the  boiler  efficiencies  at  normal  evaporation  rales  on  a  hise  reiin- 
senting  the  air  ratio.     Trials  with  the  same  fuel,  are  joined  by  straight  lines. 


efficiencies  for  the  various  trials  are  plotted  on  a  ba.se  representing  the  excess 
air  ratio;  points  in  this  chart  obtained  from  trials  on  the  same  fuel  are 
joined  by  lines. 

r)787.5— 2 


18 

Examination  of  this  chart  shows  that  while  tiie  predominant  effeit  of 
increasinK  the  air  ratio  for  any  particular  fuel  is  to  lower  the  efficiency, 
nevertheless  there  are  many  exceptions. 

It  should  he  remembered  that  the  "  radiation  and  unaccounted  for 
loss  "  is  not  measured  directly,  hut  is  found  by  subtracting  the  known  losses 
from  the  heat  energy  of  the  fuel  not  used  in  steani-raisin(i;  and  therefore 
varies  with  any  error  in  measurement  or  sampling  during  the  trial.  These 
errors  may  be  all  of  the  .same  sign,  when  this  loss  will  be  either  much  too 
high  or  too  low,  as  v\  trial  55  where  the  loss  is  only  0-7  per  cent  of  the  heat 
of  the  fuel. 


Effect  of  rate  of  steaming  on  efficiency. 

When  sufficient  fuel  was  available  for  an  additional  trial,  it  was  burnt 
on  the  grate  with  l-inch  air  space,  at  a  comparatively  high  rate  of  steaming. 


u  10  go  3o     ■ 

COAL  PtR  HOUn  PUnSO  FOOT  GRATC  AREA 
neiSULTS    FROM  SAME  COAL  JOINLO  Br  STRAIGHT  LIN€ 
»A  —  R   TUBC   BOILER 

Fio.  10.— Diap-am  showing  the  decrease  in  thermal  efficiency  based  on  ash  and  moisture  free 

fuel  consumed  and  the  mcreas«>  in  the  loss  due  to  the  high  temperature  of  the  flue 

gas,  with  an  increase  in  the  rate  of  combustion. 

Fig.  10  shows  the  relation  between  the  efficiency  based  upon  the  ash  and 
moisture  free  fuel  consumed,  and  the  rate  of  cotnbustion;  the  efficiency  is 
shown  to  decrease  with  the  increased  rate,  and  this  decrease  is  due  princi- 
pally to  the  increased  tJue  gas  loss,  which  is  shown  in  the  same  diagram. 
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This  variation  in  \hv  Hue  gar;  loss  may  he  aserilRHi  lor  tjic  nlo^t  part  to  tiic 
iiialjility  of  the  boiler  licatinK  surface  to  deal  as  etti.ientlv  with  the  larger 
gas  How,  permitting  the  gases  to  leave  the  boiler  at  a  higher  tdiiperature 
Ihat  the  excess  air  was  generally  greater  when  steaming  at  tlie  higher  rate 
has  been  referred  to  already-  (see  Fig.  0).  The  decrease  in  the  efiicieiuv 
with  an  increase  in  the  combustion  rate  was  very  small  when  burning 
Mountain  Park  coal;  the  heat  balance  l)ase(l  on  the  lower  calorific  y.ibu' 
ot  tlie  coal  shows  this  to  be  due  to  the  closer  attainment  of  complete  c  mi- 
bustion  offsetting  the  loss  due  to  the  hot  flue  gas,  a^  shown  in  the  follow,,,,. 
table: — 


Fuel 

Fuel,  per  liuur  prr  ~i,ii;uv 

Air  rutin 

Flue  Kas  teiiPxTiiiure,  '  h 


fuiM  of  irr.-Ui'  -iirfar 


5  'rhcnna!  effirienry,  pt*r  cent 

I  I.oss  due  til  total  iii-:it  nf  llueca.-,  per  ii'iit 

S  l.o^^<  due  to  i'arl)oniiivou:>  matter  in  asli  ami  lefii- 

^i  I-o-^s  due  til  unliurnt  carlxm  iiioniiMile.  per  cent 

■J  iMf  due  to  unburnt  liydroiarhon-.  radiation,  ei.- 


Miiuiilain  I'.irk, 

1  47        I  >0 

500  7  JO 


11:'  8 
14  :i 


Draft. — Three   manometers, 


4 

^3 


s 

a 


I 

1 


Fii, 


each    reading    tu   unc-liundiedth    of 


inch  of  water   were  used  to  inea.sure  th-  draft  in  the  a>h-pit,  the  furnace 
and  the  flue  leaving  the  boiler.     The  difrerence  between  the  readings  of 


any  two  is  not 


solelv  of  tl 


tis 
varies  also 


0  o^  —  1-t  -m--^ 


11. —  ni;ij^;mi  '^h,'i^-i!-,g 

o7875— 24 


000  3000  4000  SOOO 

(r)  LBS.  FLUE  CAS  PER  HOUR 
UPPER  CURVE  D  "  10'' F' 
LOWER   CURVE    D-OT{IO''f') 

*hr-  r*-!:i!ii)ii  !)ci'.v:Tn  the  ciiffiri-ni  i   ol 
ami  the  iiias.s  How  of  the  (j:if^<"^- 


liral'l  III  tile  I'liniaee  and  tliie 
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with  tlu-  chatiKe  in  v.-lccity  ,.f  th,-  Kas.-s;   the  vertical  .li.stan.r  l,..t«-,rn  th.. 
two  places  of  measurement:   and  the  mean  <lensitv  of  the     r  i  i 

room  and  the  gases  insi.le  the  l.oiler  se  (,'•?*'♦  \  "  ''  '""'"'' 

velocity  head,  dfiferences'in  hd  ht  •:;1*  [he^  1 S..  ^      .    'li^liX'^nl;  ':■: 
and  gases,  are  not  very  great,  and  for  the  san.e  l.oiler  wl,  king  at    he    .n  ' 
rit.>  are  fairly  constant.      For  this  reason,  it  is  permissil.le  t-fcon'   L  t 
differene,.  hetween  the  readings  of  ,wo  n.anonleters  as     he  r  '     t  „. ,       , 
th..  tlow  of  ga.s:.s  hefwe.Mi  two  .sections  <,f  the  hoih^ 

the  late  of  gas  flow  and  the  general  e.,ndition  of  th."  fin-  Its  ■,•,./ 
n.easure.nent  and  observation  during  operation  is  of  g  ,  at  as;^.t  ,n  in 
avou  u,g  an  ..xe,.s>_,ye  air  .supply  due  to  p'oor  firing,  and  ^^^  o  s  he  ,.'  ,1  - 
lr.ft  "n"fV'"'",'""^  "P.a. caking  coal,  or  othe7operati  t  e  u  ,  ■ 
iraf  .  Rut  the  charact.T.stics  of  the  vari.n.s  coals  us.mI  during  1  i",. He, 
of  trials  were  so  (lifTerent  that  it  is  impossihie  to  show  anx  gener^  rel- ti  . 
hoUxvvn  fu<.l  Led  resi.stance  an.l  rate  of  .omhu.stion 

I  tie  resistaiuv  to  the  How  of  ga.ses  from  the  furnace  to  the  flue  der, 1 

prmc.pally  upon  the  nia.ss  flow  of  the  gases.     The  relation  I,,   „•    . 
gas  fj.w  an.l  difference  of  draft,  as  n^easuHMl  durirl;    h      H^a      te      n,      : 
and  flue,  is  shown  in  Fig.  11.     It  is  important,  since  it  shows  th      .mi. 
dfferen  lal  draft  gauge  connected  to  the  flue  and  furna.'e    in  conju       1 
M  h  a  thermometer  placed    -,  the  flue,  will  give  an  appn.xiniat        e    w  n 
determining  the  rate  of  he.a  loss  ,iue  to  th'high  terIipe;ah;r:M,t'  llu   fl,;: 


SUMMARY  AND  GENERAL  REMARKS. 

Sp^nfi-^ 

'ion';  r  tr  ;■'  VT-  }  '"^''  ^1    •^^'^''^^'^  ^'^fi^cient  coal  w  s  ava   al  ."ad 
lonal  trials  at  a  higher  comhustitm  rate  were  un.lertaken      The    her,   i 

Tl..  7^''  '."■*''*."'•'*  *•'«'""»'  efficiency  obtained  in  tlie  tests  was  t.,5- 1  ner  cent 
Ihat  no  higher  ..fficiency  was  recorded  should  not  l,e  attr  hute     t,,  th  ' 
quality  of  the  coa  s;  for  the  boilers  u.sed  in  these  trials  we  e  nXVUec    ,1 
nor  modified  in  .ies.gn  with  the  view  to  obtaining  efficienc  <'    a!  Sh 
stokersTt     "'    '"    "ff /"'"'"ernal    plants    where    spe,.i,d    econon  i  e" 
comrW  1^^^^^  T-  "^  J''^  ^'^'^  '^"'J  proportions  to  give  effic  elided 

British  thermal  heat  units  per  pound  of  coal  fired,  which  would  me^in 
add  tiond  evaporation  from  an.l  at  212°  F.,  of  1390^-970  7  or  1  fpound: 
of  ste..n  per  pound  of  coal,  and  have  increased  ihe  eiiiciencj  i,v  l     8  ^ 
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(il':\KRAL   HEMARKS. 

Trial  So  39:  Jaxper  /'arA-.-This  fuel  ciik.-H  (■(.n^.id(.ral)Iv  iiiid  it  wan 
necrssary  to  br.ak  up  the  fuel  Im-(I  fn-(|u..|it(v  (lurinR  thi-  trial.  Th.>  firo 
was  <;!nin<'|l  tw.c..  .luriiiK  th.-  trial,  th..  .•Jink.V  wa.s  in  small  piwH,  and  it 
was  (lithcult  to  separate  it  fruin  the  coal  when  eleanin({ 

rrial  Xn.  7/,:    Ja.yxr  I'w The  lire  was  chv.ned  twiee  durinK  the 

trial;  it  was  sheed  freciuently  to  .•(.ui.feraet  the  eakiiiK  tendency  of  the 
luel  1  lie  elinker  was  easily  removed,  it  neither  spread  nor  adhered  to 
the  hars. 

TrinU  A',»,s.  -,!)  awl  7r,.  \  .•omparison  of  the  results  of  these  trials 
shows  tliat  the  grate  l.ars  with  the  s.nailer  air  space  as  used  in  tnal  of)  to 
l)e  Ix'tter  a(hipted  for  this  fuel. 

Tri<tl  So  ll.i.  Mountain  l>ark.~  Th.-  tire  was  deaiwd  twee  ^,ni\a  the 
trial,  and  raked  frequently  to  hreak  up  th<.  fu..]  l,ed  and  (•(.nnt.'ract  the 
cakiUR  tendencies  of  the  fu,.|.  The  clinker  was  in  small  pieces  an.l  would 
imss  through  a  shakmn  Rrate.  ( 'onsiderahle  ([uantities  of  smoke  were 
givt  n  oil. 

;i  7'''l'^  '^r-,"^V'  ,-^^""".'"'"  /''"-A.  The  fire  was  cleaned  twice  duiiuK 
the  trial,  ami  sliced  three  times;  the  clinker  was  in  small  pi.'ces  which  were 
easily  removed.  1  he  coal  cak.'d  jiiid  it  was  necessary  to  lireak  it  up  with 
a  rake  from  time  t(.  time.  ( ■(.iisideraMe  h.'avy  black"  smok.-  was  Riven  off 
.  Tnnl  So.  WS.Mouniuiu  Park.  The  fire  was  .•leaned  once  .luriiiL'  th.. 
trial;  it  wa.s  lak.'.l  Irequontly  to  counteract  th..  caking  tendency  of  th.^  coal 
t  (m.si.leral)le  (niatitities  of  smoke  were  Riven  olT. 

Triah  Xo,.  107  lOS,  and  //J.-  There  is  v.Ty  littl.'  .litT..rence  in  the 
econonu.'al  results  of  these  three  trials.  The  evaimration  per  pound  of 
tuel  W!is  as  high  as  /.Dl  when  the  l.oil.-r  steamed  \\  times  as  rapid'v  as 
(luring  the  remaimng  two  trials  wh.^n  the  evaporation  was  7.«»»t  This 
small  diflcn  lice  in  evaporation  was  unusual,  since  at  the  higher  rate  of 
st..aming  the  tiue  gas  lo.ss  is  cousiderahly  increa.sed,  and  it  is  to  l.e  accounted 
tor  by  the  more  complete  combustion  of  the  fuel  at  the  higher  rate  of 
.steaming. 

Trial  Xo.  00:  YelUmhead  Pass.-  'Hw  fire  was  cleaned  twice  during  the 
trial;  the  clinker  spread  over  the  bars,  and  was  removed  in  fairly  large 
pieces.  (  ons,d,.rable  quantities  of  black  smoke  were  given  otT  aft^>r  firing, 
which  soon  cleared  off. 

♦  u  7-'''^^  'V'-,"^',  ?'<"""'i'''«"'  Pas-s.— The  fire  was  cleaned  tv,.  .■  during 
the  trial  and  .s  iced  three  times;  the  clinker  spread  over  the  bars,  but  there 
was  no  difficulty  about  its  removal. 

Triah  .Vas.  60  and  7/,.~k  comparison  of  the  results  of  both  triiUs 
shows  that  they  were  both  carried  out  at  the  same  rate  of  fuel  consumption 
per  scjuare  foot  of  grate.  There  was  very  little  difference  in  the  net  result; 
with  the  larger  air  space  in  the  bars  (Trial  74)  the  grjite  efficiency  was 
lower.  Ihis  loss  was  almost  entirely  counteracted  by  the  smaller  excess  of 
air  coluriin  (52).  Both  efficiencies  are  high  (column  83),  compared  with 
similar  trials  on  thi.".  boiler. 

Trial  Xo.  55:  Pembina.— Hoc  report  Xo.  331. 

Trial  Xo.  52:  CarJiff.Ste  report  No.  331. 

TrMl  Xu.  53:  Twin  Cily.—Sec  report  No.  331. 
1  a  ^r/".^  *^  *!•  ''^■'  .^'■"'"''eWer.— Steam-raising  with  this  fuel  was  rendered 
difficult  by  the  r.npid  formation  of  clinker  which  spread  over  the  l,urs  and 
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obstructed  tin-  air  supply.  The  rliiikcr  Imd  to  1h-  n-inovfd  on  nine  scpurat*' 
oet'iiHions  during  tlif  trial,  and  the  fire  was  fri(iU(i:tly  sliced  to  raise  the 
clinker  off  th«!  hars.     Very  little  smoke  was  observed. 

Trial  So.  70:  Dr'imhtllcr.  Tl»>  (ire  was  cleaned  six  times  during  the 
trial,  this  was  murssary  on  account  of  clinker  spreading  over  the  bars.  On 
refirinn  after  d.-aninn  considerable  (|uantities  of  fuel  pa.ssed  through  the 
wide  air  .spaces,  which  accounts  for  the  low  urate  efficiency. 

Triah  Xvs.  I'lS  and  W.- A  conipariscm  of  the  results  of  both  trials 
shows  the  smaller  air  sp.ace  between  the  bars  (trial  :>K)  to  have  been  better 
a<ia|)ted  for  this  fuel,  which  con.vists  principally  of  verv  small  particle.^ 
which  passed  in  lar^e  quantities  throunh  the  widiT  bars  w'lien  refirinn  after 
ch'aninn.  DuriuK  both  trials  much  Ijibour  v.is  necessarv  for  the  removal 
of  clinker  from  the  ({rate  bars.     The  fuel  burned  with  very  little  .sniok.-. 

Trial  So.  67;  W'carinllc.  Tiie  fire  w.is  cleaned  twice"  ilurinn  the  trial; 
there  was  very  little  troulii.'  with  the  clinker,  nici>t  of  which  would  have 
passeil  throuKh  a  shaking  Krale.     A  fairly  den.se  Mack  smoke  wa-  niven  olT. 

Trial  .\(i.  Ill:  .M iiUaiiil.  -Tit'  fire  was  cleaned  twice  and  r.iked  or 
sliced  occasionally.  The  clinker,  which  .v.is  in  larne,  thin  slabs,  was  easilv 
pried  olT  the  bars  with  a  slice  bar.  N'ery  little  smoke  was  niven  utT.  The 
flue  gas  during  thi.s  trial  was  .•malysed  for  methane  and  hvdrojjen  and  gave 
the  followiuK  results.  Methane  ()•  1  |)er  cent  ;ind  hydroiren  ((•  1  per  cenf 
This  represents  a  lo.ss  due  to  unlairnt  hydrogen  and' hvdro-c.arbons  of  MHI 
R.rh.U.  per  poumi  of  fuel  fired  or  2-0  per  cent  of  its  ^ross  calorific  valu.'. 

Trial  .\o.  tOS:  .U/(//(//«/.  -  ( )ccasional  sliciny  was  necessary,  owinu  to 
a  thin  clinker  which  spread  over  the  bars,  'lucre  was  little"  troul)|e  in 
removing  this  clinker,  which  was  easily  i)roken  up.  The  tire  was  chaned 
twice  duriiiK  the  trial.     A  small  amount  of  linht  smoke  was  ^iven  otT. 

Trial  So.  10^:  .Miitlaml.  -  This  fuel  formed  a  clinker  which  spread 
over  the  bars,  reciuirinn  occasional  slicing;  it  was  broken  up  easily  and 
removed  without  (hlliculty.  The  fire  was  cleaned  twice  durin(r  the"  trial. 
A  small  amount  of  li^ht  smoke  was  jjivcn  off. 

Triaii  So.f.  UU,  lu3,  and  ///.  -The  use  of  a  larger  urate  and  smaller 
air  spaces  in  trial  III  led  to  more  economical  results  than  tlio.se  obtaining 
in  trial  103,  tlue  to  more  perfect  combustion  of  the  solid  and  gaseous 
components  and  products.  This  was  partially  due  to  the  admission  of  air 
over  the  bars.  Unless  special  precautions  are  taken,  a  fairly  larjje  ([Uantitv 
of  unburnt  pses  will  pass  otT  with  the  Hue  ga.ses  when  burning  this  fwl. 

Trial  So.  tit:  A'asfr/((/f.~  See  report  No.  331. 

Trial  .\o.  114:  liankheait.-  'I'hc  fire  was  cleaned  three  times  during 
thi.s  trial,  and  sliced  once.  The  small  air  spaces  between  the  bars  were  not 
suited  to  this  coal  since  practically  all  the  refuse  had  to  be  removed  from 
above  the  bars,  which  meant  a  poor  grate  efficiency  (column  84)  due  to 
the  large  amount  of  unburnt  fuel  removed  with  the  refu.se  (columns  41  and 
43).     See  also  remarks  for  trial  109. 

Trial  So.  109:  liankhrnd.-TWia  coal  is  rather  difficidt  to  handle  on 
an  ordinary  fixed  grate  owing  to  the  formation  of  large  pieces  of  clinker 
which  do  not  pass  through  the  bars.  It  is  probable  that  much  of  the  clinker 
would  be  removed  befori;  it  collects  into  large  pieces  were  a  shaking  grate 
used.  After  removing  the  refuse  when  cleaning  the  fir.,  it  wa.s  difficult  to 
ignite  the  fresh  fuel,  also  some  of  the  fuel  passed  through  the  bars  before 
the  formation  of  a  new  bed  of  fuel.  The  fire  was  cleaned  twice  during  the 
trial  and  sliced  four  time.s.     The  clinker  stuck  to  the  bar;^  nt  fir  t,  but  -tuck 
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^..nir  sU-mu  \H-mmh  t\u-  Urn.     Fructicnily  n.,  smok.- 


wu.s  i>)>Mt>rvi'il. 

7'n,i/  .v..    Ili>:    Hankhend.     ('lii.k.r  foriiK,!  it,  the  fin-  in  larR..  i,i,  n- 
"«««l  mi  KT...1  U:  tlH'  l,ar.  a  liltl,-,  this  adlMsiven-s.  wa.  rr,l„  ",    |,v  ,  Li  ..; 
Ht,.a„.  iH-noath  .1,,.  Imrs  with  tl...  air  .u„,,Iv.     Th.  i^rJ JZX^^T^- 
un.l  .l......    twuv  .|un,.K  .1,..  trial.     V.-ry  li'ttl.  .„.ok..  wn.s  ^-^n  7 

.h.t  Trial  nor   "'"'":'^  Ti  //-;.--   From  Tal.l,.  IV  it  will  In   .  Wrv.-.l 

.»  than  th..  ninaunuK  t-v..  trials  whi.-h  w.-n-  ,arri,.<i  ..ut  at,  pra.tin    v 
...  san...  rat...     A  .■..n.p„ris„n  ..f  th.-  two  latt.-r  trials  (109  an     1        llZl 
th..  roM.lts  of    ()..  to  l„.  ,h..  l„.tt..r.  whi..h  is  to  1„.  at trit  It  .         th  .   ,s'     f 
Krato  w.th  w,.l..r  air  op-ninKs  than  thos.  us,.,l  for  tri  tl      4    w h  ■  I        1,  li 
'I...  quantity  o    nW  to  t„.  rnnov.-l  frc tl.ov..  tho  l.a  s   th  ir'f  .    « 

7nf(/    y,;.    -,/,:    (leorgvtown.     Sec  report  \o.  .'{.'{I 

/r/<//  A...   77:    (leonjeUmit.     Th..  fire  waN  chani..!  twico    an.l  sli,.,.<l 
.....  t,„a.s  .lurinK  th..  trial.     Tl„.  ..link.r  was  in  n...,liun,  si^..       ..,.., 

l.d,  Iv    Iv.'.".'  i   \l""'''   "   ^''^  ^""•"'  ™^i<'""i'y   t..   I...  Stirling   V  .  V 
Minrin\.     rractically  no  Hinok.' was  Kiv.n  off 

tl...  iv'.'.lls  ".y/Tr/.l  1?"'';'^-t/''"^  th,.  purpose  of  compari.son  a  summary  of 

tl.       i,    i  •  '.r  '^'''"',';^  -^."-  •■""  ''"'^  '"•'•"  '•'•|"-<"l".'«".l  =.i...v.-. 

<• '.    let    •>    h  .      ?'"%^^'"  ■''  ■'<""''••'.■  ^'"i  ^P"<''-  «»•"■  ".^•■•f  whu-h  suit..,l  this 

<oal    Kit...  than  the  hi.,  bars  use.l  in  the  s.il.so.nient  trial  |77)      The  Imss 

}!;..!  X'hVse''"'l''-^  ;'"'"'.'']  '-^  •^••""  "•  '•"  •'"••  »"  th'    la?,^o-amo  n    r. 
.1.     Hhu-h  .seape.!  iinl.urnt  (..olumns  49  an.l  84),  this  loss  iK.wev.T  was 

rr    '/  V     no     \    n%'  '"'■  "l«;""'K*<  '"  tl><>  fire  l.ars  .Inring  trial  .>». 
■in.l  she  .r  .r.  f-'        -^'»""''-«^-~rhe  fire  was  cloane.l  twice -lurinK  the  trial, 
s  iiril        Th      l"?  '''"^  •*^';"^  ^".'"■"'^'^  ""  *he  fuel,  which  eaketl  con: 
p      Iv    emoiel    ^'  ',"''^'r,<^«7!«t«'<l  principally  of  .small  ph-ces  which  w.-r.. 
"l^.triai  Nr78.)       "''^^  quantities  of  smoke  were  emitte.i.      (See 

tri.il  w'l»'n')'h;  ^.'^•■/^^^f  "/-"J/.-.The  fire  was  cleaned  twic..  .luring  the 

>n..r„     t       :'''^'"K    ''"J*"'«'.V  of  tlu  it  was  ueces.sarv  to'  fn.qu..ntlv 

>r...ik  up  the  fire  with  the  rake  or  sli,.e  bar.     A  shaking  grat.-  is  n'oiii- 

'ri.il  ^ri'Lf -  ^i  "  ■'^  7A'.-Fire  bars  with  i-inch  air  space  were  u.se.l  for 

mm^rel    n'hr,r„     h     fT"'''^"!u''^  '''''''''>■'  '^«"«'^quently  h-.ss  draft  wa.s 
required  to  burn  the  fuel,  and  the  exce.s.s  air  (column  62)  was  reduced 
considerably,   th,.reby   decreasing   the   flue   gas   loss   and   improving   th 
;;^ier  Li;'!;;;"'  "  "^'^  °'  *''  "•'''"•'*'°'^  ■'  ^^^'^  efficiencyVuVTo  th;. 

.  ?u'""'i  'X";  ^{^-  "'ltcrext.~Th(^  fire  was  cleaned  twice  during  this  trial 
an,l  he  fuel  bed  was  frequently  brok.-n  up  with  the  r  ke  o  sHce  bar  ui 
count..ract  its  caking  tendency.     (See  also  general  notes  f,  r  tr^al   105) 

Jl  e  th//^,^):  wi'"*^  *^"i.*""'  ^■"•''  '^"'''y^''"*  f"^  ""'thane  and  hydrogen  an 
Thi!i  f'^'""*'"';  ""^^l'*'  '"  rx^rcentages:  methane  0.1;  hydrogen  01 
This  repr..sents  a  loss  due  to  „nh„rnt  hydrogen  and  hydro-clrboL  bL d 
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on  l\w  Kr.w«  cilorifir  valiir  ..|  il.r  lu<l  an  fir.'.l  of  2()  iht  .rni   .,r  J.V)  H  11,  I 
|MT  pound  of  fiiol  fired. 

rri.l.'Vl"'   y."-  '"■'■    "'.ll<^^\  'I'l..'  fin-  was  only  .Iran..,!  o, .nnit  ll,.. 

friul,    fh..  r-link.T  was  in  .mall,  har.l  pl.TrM,  wh.rl,  w.rr  ratiuT  d.ff,r„lt  t,. 
s..parat..  from  thr  roal  in  .IraniuK.     A  sliakinK  ^rat..  wnul.j  in.provr  thr 
o,>,.ratio„  of  a  hoi  ..r  with  this  f,„.|.     Th.-  roal  rak.d  u,g,;hrr.  w(,.-l>  n.r...- 
sitatcd    rr,,u.'nf   Lnakmn  up  in  ord.r  to  allow  tl...  air  to  pass  throuKJ, 
A  consid.ral.li.  .piantitv  of  j,|a.-k  sn,ok.'  was  rmilt.d 

Inal  \o.  liHl:  llill„,sl.  'riu-  fin  was  rl.-an.d  oner  duriiiK  Ihr  trial 
and  l.n.krn  up  witl,  tlu-  sli,.,.  t.ar  .,r  rakr  fn-qiirntl  .  (Sr..  also  Krn.ral 
notes  for  trial  10')).  ^ 

Vn,  ^m'''  ^'"i  /,"'•,  ""'  ""'/•'/-•  -^  ••""'PHrison  of  th-  n-sults  of  iriaN 
No«.  l»o  and  112  .hiring  wlurh  tl„.  sam,.  rat.-  of  evaporation  pnvail-.l, 
shows  that  the  elhcK'ncies  wen-  almost  identi.-al.  The  wider  air  spares 
use,l  .luring  trial  112,  however,  an-  pn-fen.l.le,  sim-e  it  is  easier  to  nriiove 
refuse  fnmi  the  nsh-pit  than  fn.iii  al.ovt-  the  l.ars. 

.  ,  ^7,"'  '^'V'  "^'    l^'ll"'"-     'I'l'"  (in-  was  cl.aned  Ihn-e  ti s  ,|„ri„^,  the 

t rial;  the  refuse  n-inove.  fn.m  ai.ove  the  l.ars  was  in  small  i.i.-ees  whi-l. 
would  have  easily  passed  thn.UKh  a  shaking  ^rate.  Owin^  to  the  small 
air  spare  in  the  l.ars,  the  hi^h  ash  .ont.nt  of  the  fuel,  an.l  I.eeause  the  fuel 
-•ake.l  dilheulty  was  e.xp.riene(-d  m  kc-epin^-  up  the  rat.-  of  evaporation 
A  shakiiiK  ^'rate  would  have  umloul.te.lly  impn.v.-.l  the  l,oil,r  elli.ien.v 
and  redueed  the  lal.our  involv.-<l  in  tending  th,-  (in-.  It  was  necessarv  to 
trejiu.-ntly  hreak  up  the  fin-  witl,  tlu-  slire  l.ar.  A  eonsiderahh-  .p.ailti.v 
of  lilaek  smoke  was  ohserverl. 

Trial  \„.  ,V'/.    lUlhvu,.     The  fir,,  was  .-h-an,,!  tuj<-,-  .lurinc  tl,<-  trial 

am    broken  up  four  times  to  eount.-ra.-t  th,-  slijrht  ,-akin«  t.-n,l,-nev  of  tl„- 

ui-1.      Ih(-  operation  was  much  impn.ved  over  that  of  trial  ()7,  l.v    umi,(i 

hars  with  a  wi,h-r  air  spa.-,-,  whieh  permitted  more  of  th.-  ash  t,.  pass  throiiKl, 

fh.'  I)ars.  ' 

7V,rt/,  \os  m  „n,l m.-\\uU:T  air  sp  ,-s  h.-tw.-.-n  th.-  fin-  l.ars  wr,v 
ii^.Ml  for  trial  8),  wl,i.-h  re.i,  '  th,-  ^mte  eff..-ieiK-v,  hut  impn.v,-.|  th.- 
<-tfic-i«-n<-y  as  a  whole  hy  .h-.-n-a:     n  tin-  surplus  air  suf.i.lv. 

lrml\„.(!H:  (Irrrnhill.  The  fire  was  clean.-d  twi,",- .liirinij  tl;  trial 
tl,(-  r.-fus..  e,.nsistinK  n-.ostly  of  small,  soft  ,lirt,  .asilv  n-m..v.-,l.  A  <-..n- 
-uierahl.'  amount  ..f  hhi.k  sinoki-  was  emitti-.l. 

Trial  Xo.  SI:   (jrrenhilL     Th.-  fin-  was  el.an.-.|  lwi,-<-  durinij  th,-  trial 
Ihe  refuse  r,-mov.-.l  <-..ntain,-.l  a  f,-w  hanl  pi,-,-.s  of  elink.-r       \  shaking 
urate  would  h.-  suitahl.-  f.)r  this  fu,-l.     A  small  anu.unt  of  air  was  admit tc-,1 
..Vi-r  tfip  hars  thn.unh  the  grills  in  th.-  fin-  door.     A  eonsiilerahl.-  .luanti 
of  hia.-k  .sm.)ke  was  giv.-n  ..ff. 

Trials  Nos  f!S  and  SI.     Hiirni„n  t h.^  eoal  ,.v,-r  larg.-r  air  si)af-i-s  h.-tw.-.-n 
the  tiro  bars  (Irial  81)  w.as  a  inon-  .-.-..nonii.-al  m.-th.xl  than  using  a  larKir 
grat.-  an-a  ami  small.-r  air  spa.-.-s.  ..wing  to  a  small.T  ex.-ess  of  air  suoplv 
"'  ^^"?  ''"';  *"  '^''"•'''  ^^■'''^  iwrfially  olTs,-t  hv  a  i.o..n-r  >;rat,-  ,-mei,-n.-v      ' 

Irinl  Ao.  70:    Frnnh.-This  ,-„al  eak.-s  a  gn-at  d.-al,  an,l  ha.fto  I.,- 

rokeri  up  frequently  dunnR  th.-  trial.     Th,-  fin-  was  ,l,  aiu-d  iwi,-.-  .luring 

til."  trial;    th.-  n-fu.se   was  in  small  soft  pi,-,-.-s,  m,)st   .,|  whi.-h  w,)ul,l  h,- 

renioved  by  moans  ..f  a  .shaking  grat,-.     A  fair  amount  of  bla.-k  smok.-  was 

emitted. 


Trial  Xo.  79:   franA-,— This  c-oal  r.ik.-s  .i  ^n-ni  .|=-.!l 
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was  sli.-ed  frequently  to  enable  the  air  t,)  pass  thn.ugh  it.     The  fin-  was 
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cli-nnnl  twice  iluriiiK  the  trial;    tlw  rcfiiiM'  removed  eotwiMtctl  of  wtft  «|irt, 
wliich  wiih  remiiveil  ciinily.     A  fsiir  iimoiiiit  of  hlai'k  utiiokc  wan  nJvii  off. 

Trillin  Son.  711  iiuii  7I>.-  For  triul  70  the  fuel  wBs  liiirneil  on  it  larger 
Kriite  with  Miimller  air  NpaeeM  fhiui  for  triul  7».  The  renultH  for  the  latter 
trial  will  be  seen  to  Ik-  the  Intter,  in  spite  of  a  lower  grate  etficieiu-y.  By 
eomimriMon  with  other  fueln  huriied  under  Niinilur  cunditionH  the  overall 
efficiency  (column  K\)  \n  rather  low. 

Trial  So.  HX):  Chitiook.  .\  thin  clinker  spread  over  the  harw;  it  did 
not  stick  and  was  easily  hroken  up.  The  fire  was  cleaned  twice,  and  sliced 
si.x  times.  Owing  to  the  high  carlMtn  monoxide  content  of  the  flue  gus.uir 
WHS  admitted  through  the  fire  (hM)r~i,in  spite  of  which  the  loss  due  to  unburnt 
gases  was  high.      A  fairly  dense,  chocolate-coloured  smoke  was  given  off. 

7ViVi/  .\o.  101:  Chinook.  -  Tliis  fuel  was  burnt  at  a  much  greater  rate 
than  ill  the  previous  trial.  The  clinker  spread  over  the  bars  and  wiw 
sticking  to  them  a  liltli  on  tilowing  a  small  amount  of  steam  in  with  the 
air  tfie  cciniiitiuns  were  inipn»ved  and  the  clinker  no  longer  adiiered  to  the 
bars.  Air  was  admitted  through  the  fire  door  to  burn  some  of  the  carbon 
monoxide.     ( '<)nsideral>le  sniDke  was  eii>>tted. 

Triah  So».  Hit)  and  If) I.  This  fuel  was  used  for  two  trials,  one  at  the 
III )rmal  rate  of  steaming,  and  the  other  (101)  when  the  Indler  was  forced. 
The  elliciencii's  were  fairly  good;  the  loss  due  to  unburnt  gases  wan  very 
high.  .\  specially  large  furnace  and  j)ro|Mrly  arranged  supi)lementary  air 
supply  w.tuld  probably  mean  an  increase  in  eflieiency  of  three  or  four  i)er 
cent  by  pr  viding  means  for  the  combustion  of  these  gases. 

Trial  So.  71:   Miiihinv  Heal.     .\ii  was  admitted  over  the  bars 
most  of  the  trial.     Dense  rather  light-coloured  smoke  was  emitted, 
was  no  clinker.     The  fir,'  was  cleaned  twice  during  the  trial. 

Trill!  .\o.  72:   Muchinv  /'«■«/.— Air  was  admitted  over  the  bars, 
light-coloured  smoke  was  given  off. 

Trial  So.    7o:     Marhinv   I'eal.    -.Wr  was  admitted  over   bars, 
siih-rab'    smoke.     Fire  cleaned  twice  during  the  trial. 

Triul  So.  S.i:  Machine  I'eal.  —Vhv,  tire  door  was  kept  o|M'I1  during  the 
first  iKtrt  of  the  trial  and  the  grills  were  ofx-n  in  the  fire  door  during  the 
whole  trial.  The  flame  from  the  burning  peal  filled  the  combustion 
chandx  r.     .\  consiih-rable  (piantity  of  smoke  was  given  otl. 

Trial  So.  8',:  Machine  Pent.  'Hw  p<at  burnt  with  considerai)le  Hame 
which  filled  the  combustion  chamber,  the  fire  door  was  kept  partially  open 
during  inost  of  the  trial  in  order  to  augment  the  air  supply.  A  thin  fire 
was  maintained.     A  good  deal  of  smoke  was  given  otf' 

Trial  So.  Ho:  Machine  Peat. — 'I'he  small  grill  in  the  fire  door  was  kept 
open  to  admit  air  above  the  bars.  Considerable  quantity  of  smoke  was 
emitted. 

Trials  71,  72,  73,  S3,  S4,  «J.— See  Bulletin  No.  17.  The  Value  of  Peat 
Fuel  for  the  Generation  of  Steam. 
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Hoilcr  Tri.il  No.  102:  Fuel— Midliirul  CoUicrini,  Ltd. 
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Boiler  Trial  Xo.  110:  Fuel — Canadian  Pacific  Kuilwav,  Bankhead. 
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Hoiler  Trial  No.  106:  Fuel-    Ilillm-st  Colli.Ti.*.  l.i.l 
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Chwt  No.  40. 


Trial  No.  84:  With  loromotivp  tvpp  hoiIi>r,  using  ;ioiit  from  .Mfr«l  pent  bog. 
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Trial  Xi>   So:  With  locoiiiotivi'  typ«'  boi]iT.  u^iiig  pml  from  Alfriil  pral  h«i|r. 


